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1.0 INTRODUCTION 

1.1 PURPOSE 

This Survey Unit Project Reports (SUPRs) Abstract summarizes the scope, approach, and 
radiological surveys used during removal of the sanitary sewers and storm drains located 
within Hunters Point Naval Shipyard (HPNS) conducted after January 1, 2011.  This Abstract 
will be applicable to all associated SUPRs and data sets prepared for regulatory review unless 
otherwise noted. 

This Abstract was prepared under Contract No. N62473-10-D-0809, Contract Task Order No. 
0004. 

1.2 BACKGROUND 

Based on the site’s operational history described in the final Historical Radiological Assessment 
(HRA), Volume II (NAVSEA 2004) and site-specific investigative data, the Department of the 
Navy (DON) determined that the HPNS sanitary sewer and storm drain systems contain 
radioactive contamination in soils and debris requiring a response action.  This decision is 
documented in the final Base-wide Radiological Removal Action, Action Memorandum (AM) –
Revision 2006 (DON 2006), which was created to implement the recommendations of the HRA.  

HPNS is a site where radioactive materials have been used or stored, where known spills, 
discharges, or other instances involving radioactive materials have occurred, and where 
radioactive materials might have been disposed of or buried.  The sanitary sewer and storm drain 
systems have a potential for general radioactive material contamination based on the site 
operating history or known contamination detected during previous radiation surveys.   

The DON initiated this removal action for the extraction of piping systems and soil containing 
radioactive contaminants that may be present in or around the sanitary sewer and storm drain 
systems.  This removal action will serve to eliminate the potential threat posed by future 
migration and/or off-site release of radioactive material present at the site to the surrounding 
environment.  Currently, such a release could occur as a result of wastewater or stormwater 
transport, erosion, weathering, seismic events, or biological activity.  

The HRA (NAVSEA 2004) states that the present-day configuration of the sanitary sewer and 
storm drain systems is the result of an evolutionary process.  This system was originally designed 
and built in the 1940s as a combined system, using the same conveyance piping and 40 separate 
discharge outfalls into San Francisco Bay.  
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This combined system grew in sections from the 1940s to its maximum size in 1958, when it 
underwent the first in a series of separation projects.  The Building 819 pump station was 
constructed for conveyance of much of the sanitary sewage from HPNS to the City of San 
Francisco treatment works, and separation of the systems took place in the industrial areas and 
the southwest area of HPNS.  Separation of the systems involved installation of dedicated 
sanitary sewer collection piping or diversion structures within the combined system piping that 
normally directed all combined flows through the Building 819 pump station.  However, during 
storm events, stormwater flows would overwhelm Building 819, and much of the sewage and 
stormwater was diverted to various existing outfalls into the bay.  Twenty-eight bay outfalls were 
converted to exclusive use for stormwater outlets, while 12 continued to serve as combined 
sanitary and stormwater sewer outlets. 

A second segregation project, undertaken in 1973, provided some additional separation of the 
combined systems.  The last of the separation projects performed in 1976 involved the 
installation of additional dedicated sanitary sewer piping.  Complete separation of the combined 
systems was never achieved.  Due to the evolutionary nature of the separation process, 
radiological contamination from the same source could have impacted the piping and other 
components of both systems. 
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2.0 RELEASE CRITERIA 

2.1 RELEASE LIMITS 

The DON is taking steps to ensure that residual radioactivity at an area will not result in 
individuals being exposed to unacceptable levels of radiation or radioactive materials.  
Regulatory agencies establish radiation dose standards based on risk considerations and scientific 
data relating dose to risk.  Residual levels of radioactive material that correspond to allowable 
radiation dose standards are derived by analysis of various pathways and scenarios such as direct 
exposure, inhalation, and ingestion.  

These levels, known as release limits, are presented in terms of soil activity concentration. 
Release limits usually refer to average levels of radiation or radioactivity above appropriate 
background levels.  Release limits applicable to soil are expressed in units of activity 
concentration, picocuries per gram (pCi/g). The development of release limits is often an 
iterative process, where the release limits selected or developed are modified as additional site-
specific information is obtained.  The development of final cleanup levels was based on the 
Nuclear Regulatory Commission’s (NRC’s) screening levels, the U.S. Environmental Protection 
Agency’s (EPA’s) preliminary remediation goals, or agreements between the DON and 
regulatory agencies as documented in the AM.  

2.2 AS LOW AS REASONABLY ACHIEVABLE  

As low as reasonably achievable (ALARA) is a philosophy of striving for excellence in the 
practice of health physics and is an important aspect of radiation-safety regulations.  The 
National Council on Radiation Protection and Measurements has stated, “ALARA is simply the 
continuation of good radiation-protection programs and practices which traditionally have been 
effective in keeping the average and individual exposures for monitored workers well below the 
limits” (NCRP 1993).  The application of ALARA clearly includes the consideration of 
economic and social factors, and thus will inherently be different for different sources or 
facilities. 

The ALARA concept is founded in the professional judgment of radiation-safety managers and 
personnel and is not, therefore, able to be used as a measure as to whether or not a particular 
radiation-safety program is adequate in comparison with other programs.  Additionally, the 
ALARA concept does not provide a numerical limit below which the ALARA concept is 
achieved. 
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2.3 ENVIRONMENTAL ALARA PROCESS 

This section describes the steps taken to implement the environmental ALARA policy: 

1. Identification of Potential Radiological Impacts 

2. Review of Radiological Impacts 

3. Performance of Qualitative ALARA Analyses 

4. Performance of Quantitative ALARA Analyses 

2.3.1 Identification of Potential Radiological Impacts 

Each new radiological operation is subjected to ALARA reviews before work begins to ensure 
that radiation exposures to workers, the public, and the environment meet ALARA principles.  
ALARA reviews are conducted for all operations, practices, and procedures that have potential 
for individual or collective doses to workers.  Reviews culminate in changes or additions to work 
planning documents, standard operating procedures (SOPs), and radiological work permits.  

These documents are used to identify activities that have potential for radiological environmental 
impacts and could require environmental ALARA analysis.  If a radiological impact is identified 
that could impact the environment significantly, the Radiation Safety Officer communicates the 
impact to the work staff and the Radiological Affairs Support Office (RASO).  

2.3.2 Review of Radiological Impacts 

Radiological impacts to the environment, workers, and the public from field operations are 
assessed for compliance with ALARA principles.  Results from radiological survey activities, 
and air, soil, sediment, and water samples are used to assess the radiological impacts of HPNS 
activities.  

Determination of environmental radiological impacts from radiological activities is performed 
using nine methods:  1) air monitoring stations located around the excavation site perimeter to 
track radiological impacts; 2) field monitoring and sampling to identify areas requiring additional 
remediation; 3) remediation of contaminated areas at or above the release criteria; 4) control of 
radiologically impacted areas and work sites; 5) frisking of personnel and examining equipment 
leaving a radiologically controlled area; 6) use of release criteria that equate to dose and risk; 
7) review of historical radiological operations to allow complete investigation of all areas of 
radiological concern; 8) complete characterization of radiologically impacted sites to ensure 
complete removal of radioactive material above the release criteria; and 9) dosimetry worn by 
personnel to measure time-averaged doses from gamma radiation.  
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2.3.3 Performance of Qualitative ALARA Analyses 

Laboratory analyses are performed for 19 different isotopes to ensure that any possible 
radioactive contamination is identified. After each excavation is completed, the qualitative 
radiological impacts from operations are evaluated by performing a dose and risk assessment.  
The results of analysis and assessments are provided to the RASO and regulatory agencies for 
review.  

2.3.4 Performance of Quantitative ALARA Analyses 

Based on qualitative ALARA analyses, excavation projects that could cause a potential dose to 
the public are subjected to quantitative ALARA analyses using the steps described below.  

Quantitative ALARA analyses include societal, technological, economic, and public policy 
considerations. In addition, these ALARA analyses consider NRC guidance for performing the 
following environmental ALARA assessments: 

• Identification of possible radiation protection systems, such as alternative operating 
methods or controls, that are reasonably achievable.  The options should range from 
the most rudimentary (base case) to the most technologically sophisticated systems.  

• Quantification of exposures and doses to workers and the public in the vicinity of the 
work through air monitoring and dosimetry.  

• Quantification of the economic factors, including the costs of purchasing, installing, 
operating, and maintaining the radiological equipment, and the potential health effects 
associated with the exposure of people and any other direct or indirect cost resulting 
from exposures to radiation during investigations and/or remediations.  

• Identification and estimation of other health and non-health detriments and benefits, 
such as equipment loss and accidents.  

• Evaluation of process alternatives using a quantitative cost-benefit analysis, when 
possible.  When evaluations included assumptions, judgments, and limitations that 
could be quantified, and potential doses were well below the dose limit, qualitative 
analyses were used with full documentation.  

• Implementation of the ALARA principles and monitoring of the results.  

The following specific factors are used in performing a quantitative ALARA analysis:  

• Dose to workers, the public, and the environment before and during work processes  

• Residual dose to the local population  

• Applicable alternative processes (treatments, operating methods, or controls) for site 
investigations or remediations 
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• Costs for each alternative evaluated  

• Societal and environmental (positive and negative) impacts associated with 
alternatives  

Based on recent estimates of dose to the public from HPNS operations, only qualitative ALARA 
analyses were required.  Much of the data and analysis used for environmental ALARA 
evaluations is developed as part of the routine work processes.  

To ensure that ALARA levels are met, removal actions conducted in accordance with the AM 
are designed to 1) substantially reduce ionizing radiation below cleanup goals and 2) eliminate 
identified pathways of exposure to ionizing radiation. 

2.4 RADIONUCLIDES OF CONCERN 

As listed in Table 3-1 of the Work Plan (TtEC 2010), the primary radionuclides of concern 
(ROCs) for most survey units were cesium-137 (137Cs), radium-226 (226Ra), and strontium-90 
(90Sr).  Table 2-1 lists those ROCs.  The principal types of radiation (alpha, beta, and gamma) 
and associated half-lives are also identified for measurement purposes. 

TABLE 2-1 

RADIONUCLIDES OF CONCERN 

Radionuclide Half-life Radiations 

Cesium-137 30.17 years Beta/gamma (β-,γ) 

Radium-226 1,600 years Alpha (α)/gamma (γ) 

Strontium-90 28.6 years Beta (β-) 

Exceptions to the ROCs will be individually noted in the specific SUPR, as necessary.  One 
hundred percent of the samples collected were analyzed by gamma spectroscopy at a Department 
of Defense (DoD) Environmental Laboratory Accreditation Program (ELAP) accredited 
laboratory, TestAmerica St. Louis, for definitive data.  Ten percent of the samples were also 
analyzed for 90Sr. 

The presence of 90Sr would primarily be attributed to fission products associated with 
OPERATIONS CROSSROADS and decontamination of ships that participated in atomic 
weapons testing.  Since 137Cs would have also been present, any sample containing activity 
greater than the release criteria for 137Cs was also analyzed for 90Sr.   



 

RMAC-0809-0004-0005 Fnl SUPRA SS&SD Removal doc 2-5 Final Survey Unit Project Reports Abstract for Sanitary Sewer 
  and Storm Drain Removal Conducted After Jan  2011 
  Hunters Point Naval Shipyard 
  DCN:  RMAC-0809-0004-0005 
  CTO No  0004 

2.5 RELEASE CRITERIA FOR RADIONUCLIDES OF CONCERN 

Radionuclide-specific release criteria were obtained for each ROC using the criteria established 
by the NRC and EPA, as discussed in Section 2.1.  The release criteria are shown in Table 2-2.  
Survey units for the sanitary sewer and storm drain removal project are considered acceptable 
when the radionuclide concentrations meet the soil release criteria defined in Table 2-2.  

TABLE 2-2 

RELEASE CRITERIA 

Radionuclide 

Soil 

Outdoor Worker 
(pCi/g) 

Residual Dose 
(mrem/y)a 

Residential 
(pCi/g) 

Residual Dose 
(mrem/y)a 

Cesium-137 0.113 0.2142 0.113 0.2561 

Radium-226 1.0b 6.342 1.0b 14.59 

Strontium-90 10.8 0.1931 0.331 1.648 

Notes: 
a The resulting dose is based on modeling using RESRAD Version 6.3, with radon pathways turned off. 
b Limit is 1 pCi/g above background, per agreement with EPA. 

Abbreviations and Acronyms: 

EPA – U.S. Environmental Protection Agency 
mrem/y – millirems per year 
pCi/g – picocuries per gram 

2.6 INVESTIGATION LEVEL FOR GAMMA SCAN SURVEYS 

Investigation levels are specific levels of radioactivity used to indicate when additional 
investigation may be necessary.  Investigation levels also serve as a quality control (QC) check.  
For example, in addition to indicating potential contamination, a measurement that exceeds the 
investigation level may have indicated a failing instrument. 

When determining an investigation level using a statistical based parameter (for example, 
standard deviation), the following may be considered: survey objectives, underlying radionuclide 
distributions (normal, log-normal, nonparametric), data population descriptors (standard 
deviation, mean, median), and prior survey and historical information. 
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When an investigation level was exceeded, the measurement would have been confirmed to 
ensure that the initial measurement actually exceeds a particular investigation level.  
This involved taking further measurements to confirm the initial result and, as appropriate, to 
quantify the area of elevated residual radioactivity. 

The investigation level for gamma surveys was established as the reference area mean + 3 σ 
where σ is the standard deviation of the gamma readings in the reference area. 
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3.0 FINAL STATUS SURVEYS 

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (NUREG-1575; 
DoD et al. 2000), the Nonparametric Statistical Methodology for the Design and Analysis of the 
Final Status Decommissioning Survey Guide (NUREG-1505; NRC 1998), and the Minimum 
Detectable Concentrations with Typical Radiation Survey Instruments for Various Contaminants 
and Field Conditions Guide (NUREG-1507; NRC 1997) were used as guidance in designing and 
conducting the Final Status Surveys (FSSs). 

3.1 OBJECTIVE OF THE FINAL STATUS SURVEYS 

The objective of the FSS was to demonstrate that identified residual radioactivity levels inside 
the excavated trench and subsequent overburden soils to be used as backfill met the release 
criteria.  In demonstrating that this objective was met, the null hypothesis (Ho) was tested for 
residual contamination that exceeds the release criteria.  The alternative hypothesis (Ha) was 
stated as residual contamination that meets the release criteria. 

3.2 SURVEY UNITS 

Sanitary sewer and storm drain systems were divided into manageable work areas, as designated 
in the specific design and work plans that are submitted for regulatory review.  Smaller survey 
units were identified within each work area.  There were two types of survey units:  trench and 
excavated soil.  Trench survey units are survey units constructed by the surface area remaining as 
sanitary sewer and storm drain lines, as well as surrounding soil, are removed.  Excavated soil 
survey units are created from the soil excavated during sanitary sewer and storm drain removal, 
so that the soil can be surveyed to determine its acceptability for use as fill material. Although 
the size of each survey unit may vary, each received the same scan survey and systematic 
sampling frequency.  

3.2.1 Trench Survey Units 

Scan surveys and systematic sampling were performed for each identified survey unit.  Trench 
survey units varied in size but did not exceed 1,000 square meters in surface area.  
Systematically located postexcavation samples were collected after establishing a grid using 
Visual Sample Plan (VSP).  Additional surveys may have been performed if the investigation 
levels were exceeded. 

Accessible surface areas of each trench unit were scanned using Ludlum Model 44-10 2-inch by 
2-inch sodium iodide scintillation detectors coupled to Ludlum Model 2350-1 data loggers.  The 
scan surveys were performed at a rate of approximately 0.08 meter per second with the detector 
held approximately 10 centimeters (4 inches) above the trench sidewalls and floor as appropriate.  
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The detector was moved back and forth across the travel path while scanning, producing a 
serpentine scan pattern.  Areas of elevated activity identified during the scan survey were 
investigated further.  Trench unit scan survey data are provided as an attachment to each 
individual SUPR. 

Each trench unit was mapped using computer-aided design technologies.  First, the trench 
centerline was plotted, and then the extent of the trench excavation was drawn, with walls 
splayed out flat, into a two-dimensional plane.  The design was then extracted into VSP to 
determine the locations of systematic sample points. 

A minimum of 18 systematic sample locations, based on a random start point and the triangular 
grid pattern, were generated using VSP and are provided in each SUPR.  Sample collection 
points were placed in the field using approved land surveying technologies and identified with 
the global positioning system (GPS). 

3.2.2 Excavated Soil Survey Units 

During the course of excavation from Parcels C, D-1, D-2, E, E-2, and Utility Corridor sanitary 
sewer and storm drain lines, the soils from these excavations were removed to 
dewatering/screening pads located in the Radiological Screening Yards (RSYs).  The soils were 
then spread out in lifts not to exceed 6 inches in thickness and 1,000 square meters in total 
surface area.  Each of these areas was then assigned an incremental number and identified as an 
excavated soil unit (ESU).   

The gamma scan data for each ESU are presented as an attachment to each SUPR, as applicable. 

The entire area of each ESU was plotted in VSP, and 18 systematic sampling locations were 
determined using a random start point on a triangular grid pattern.  Typical systematic sampling 
locations used for each ESU are shown on Figures 3-1, 3-2, and 3-3.  The final sampling 
locations of ESUs are provided in each SUPR, as applicable. 

3.2.3 Soil Scanning at the Radiological Screening Yard 

Each ESU was scanned using a towed array system.  For the sanitary sewer and storm drain 
systems surveyed under this SUPRs Abstract, two systems were used. 

 



FIGURE 3-1 
RSY-2 EXCAVATED SOIL UNIT SAMPLING DIAGRAM 
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FIGURE 3-2 
RSY-3 EXCAVATED SOIL UNIT SAMPLING DIAGRAM 
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FIGURE 3-3 
RSY-4 EXCAVATED SOIL UNIT SAMPLING DIAGRAM 
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The first system is the Drive Over Array M251. The M251 system is constructed with a 40- by 6- 
by 2-inch gamma scintillation detector provided by Ludlum Measurements, Inc. (LMI), coupled 
to an LMI Model 2350-1 Data Logger, with positioning provided by a Trimble®

 ProXT GPS.  
The system integrates both GPS and counts from the detector using Trimble’s TerraSync system 
(via Bluetooth®

 technology).  The M251 is designed to measure both gamma radiation and GPS 
accurately. 

GPS was selected based on its ability to reliably measure position within 1 meter (and typically 
within 30 centimeters).  The detector was chosen to provide a wide angle of scan in a rugged and 
reliable package.  Scan speeds of the system are limited to an average of 0.3 meter per second with 
a detector height of 10 centimeters, which are consistent with the detector height presented in 
NUREG-1507, and are slow enough to provide adequate data acquisition over each pad.  The 
system was constructed on a portable trailer, coupled to a 20-horsepower John Deere tractor.  

The second system is a Vehicle Towed Array system in support of radiological clearance of 
remediated soil over areas with relatively flat terrain and/or radiological screening pads. The 
system is constructed with two 12- × 39- × 1.5-inch (30.5- × 99- × 3.8-centimeter) DA372 
organic plastic scintillators manufactured by TSA, coupled to a TSA Model SC-770 data 
controller, with positioning provided by three dual-frequency, high-resolution Leica GPSs with 
real-time kinematic (RTK) positioning capabilities that provide fixed solution accuracy (1 to 5 
centimeters).  One GPS is for the detector positioning, one GPS is for the swath guidance 
system, and one GPS is for the RTK base station.  The system integrates both GPS and counts 
from the detector. The SC-770 is designed to provide a mobile platform capable of measuring 
both gamma radiation and GPS very accurately. 

The GPS system was selected based on the ability to reliably measure position within 
5 centimeters of the center of the detector.  This GPS system has been used extensively for 
unexploded ordnance work for Tetra Tech EC, Inc.  Scan speeds of the system are limited to an 
average of 0.5 meter per second or 1.8 kilometers per hour with a detector height of 4 inches, 
which is consistent with the detector height presented in NUREG-1507 and is slow enough to 
provide adequate data acquisition over each surface area. 

3.2.4 Import Fill 

In February 2007, a local source of import fill material was found in the Burlingame, California, 
area from the expansion of the Mills Hospital facility.  This soil was screened both chemically 
and radiologically before being delivered for use as residential fill material at HPNS.  This 
import fill material met the standards specified in Table B.7-1 of the Sampling and Analysis Plan 
(SAP) (TtEC 2008) and Worksheet #17 of the current SAP (TtEC 2011). Approximately 100,000 
cubic yards of the material was stockpiled at HPNS. 



 

RMAC-0809-0004-0005 Fnl SUPRA SS&SD Removal doc 3-10 Final Survey Unit Project Reports Abstract for Sanitary Sewer 
 and Storm Drain Removal Conducted After Jan  2011 
  Hunters Point Naval Shipyard 
  DCN:  RMAC-0809-0004-0005 
  CTO No  0004 

In 2011, import fill material was purchased from Jericho.  This soil was screened both 
chemically and radiologically before being delivered for use as residential fill material at HPNS.  
This import fill material met the standards specified in Worksheet #29 of the SAP (TtEC 2011), 
and approximately 40,000 cubic yards of the material was stockpiled at HPNS. 

Eighteen random soil samples were collected from the Mills Hospital import fill stockpile, and 
20 random soil samples were collected from the Jericho import fill stockpile. The samples were 
analyzed by gamma spectroscopy.  The results of the random soil samples are used when 
performing dose modeling when import fill material was used to backfill a trench.   

The import fill material gamma spectroscopy and 90Sr results are provided in Attachment 1.  
Table 3-1 provides a summary of the results of the import fill material from the Mills Hospital 
facility. Table 3-2 provides a summary of the results of the import fill material from Jericho. 

3.3 REFERENCE AREA 

Reference area samples for the sanitary sewer and storm drain removal project were obtained in 
April 2006 in an area of the Building 813 parking lot in Parcel D-2.  Building 813 was identified 
in the HRA as being impacted, but the parking lot area was not identified as being impacted and 
is considered of like material to that encountered in the soils in survey units.  Eighteen samples 
were collected systematically from this area for reference area purposes.  All 18 samples were 
analyzed at the on-site screening laboratory by gamma spectroscopy for use in time-critical 
radiological remediation decisions.  Ten percent of the samples (two samples total) were also 
analyzed for 90Sr at the on-site laboratory.  The reference area samples provided a basis for net 
activity concentration.  Background activity for 226Ra was determined to be 0.485 pCi/g, 
placing the on-site laboratory remediation decision level at 1.485 pCi/g of 226Ra for radiological 
remediation decisions only.  The gamma spectroscopy samples and 90Sr samples were also sent 
to a DoD ELAP accredited off-site laboratory (TestAmerica St. Louis) for analysis and use as 
reference area definitive data used in each SUPR. Background activity for 226Ra, based on the 
mean of the greater of the reported activity or method detection limit (MDL), was determined to 
be 0.625 pCi/g, placing the release criterion at 1.625 pCi/g of 226Ra for final definitive data.  
Note that this value is used in each SUPR for background subtraction of 226Ra for dose and risk 
modeling. 

The reference area gamma spectroscopy and 90Sr results from the DoD ELAP accredited off-site 
laboratory (TestAmerica St. Louis) are provided in Attachment 2. A summary of the results is 
provided in Table 3-3. 
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TABLE 3-1 

137Cs Flag MDL >MDL 226Ra Flag MDL >MDL

1 2/19/2007 7:30:00 -0.002 U 0.029 0.029 0.533 J 0.075 0.533

2 2/19/2007 7:40:00 0.006 U 0.036 0.036 0.569 J 0.050 0.569

3 2/19/2007 7:50:00 0.026 U 0.036 0.036 0.761 0.072 0.761

4 2/19/2007 8:00:00 0.011 U 0.036 0.036 0.605 J 0.062 0.605

5 2/19/2007 8:10:00 0.000 U 0.059 0.059 0.648 J 0.067 0.648

6 2/19/2007 8:20:00 0.020 U 0.048 0.048 0.705 0.072 0.705

7 2/19/2007 8:30:00 0.001 U 0.044 0.044 0.573 J 0.043 0.573

8 2/19/2007 8:40:00 0.016 U 0.033 0.033 0.438 J 0.083 0.438

9 2/19/2007 8:50:00 0.020 U 0.037 0.037 0.489 J 0.067 0.489

10 2/19/2007 9:00:00 -0.018 U 0.035 0.035 0.330 J 0.064 0.330

11 2/19/2007 9:10:00 0.001 U 0.040 0.040 0.520 J 0.044 0.520

12 2/19/2007 9:20:00 0.001 U 0.029 0.029 0.512 J 0.039 0.512

13 2/19/2007 9:30:00 0.015 U 0.033 0.033 0.427 J 0.047 0.427

14 2/19/2007 9:40:00 -0.005 U 0.030 0.030 0.438 J 0.050 0.438

15 2/19/2007 9:50:00 -0.003 U 0.063 0.063 0.429 J 0.073 0.429

16 2/19/2007 10:00:00 -0.018 U 0.050 0.050 0.405 J 0.080 0.405

17 2/19/2007 10:10:00 0.000 U 0.044 0.044 0.682 J 0.062 0.682

18 2/19/2007 10:20:00 0.004 U 0.038 0.038 0.616 J 0.060 0.616

mean 0.040 0.538

std dev 0.010 0.117

median 0.037 0.527

Class 1 Soil Measurements - Import Fill Material - Mills Peninsula

Sample 

No. Date Time

Results (pCi/g)

 

Notes: 

Information concerning flags associated with the on-site laboratory data can be found in Section 4.3. 

Abbreviations and Acronyms: 
137Cs – cesium-137 
MDL – method detection limit 
pCi/g – picocuries per gram 
226Ra – radium-226  
std dev – standard deviation 
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TABLE 3-2 

137
Cs Flag MDL >MDL

226
Ra Flag MDL >MDL

1 5/13/2011 10:05:00 0.012 U 0.032 0.032 0.369 J 0.046 0.369

2 5/13/2011 10:10:00 0.018 U 0.054 0.054 0.297 J 0.067 0.297

3 5/13/2011 10:15:00 0.012 U 0.026 0.026 0.319 J 0.049 0.319

4 5/13/2011 10:20:00 -0.008 U 0.032 0.032 0.295 J 0.061 0.295

5 5/13/2011 10:25:00 0.000 U 0.028 0.028 0.376 J 0.052 0.376

6 5/13/2011 10:30:00 -0.005 U 0.041 0.041 0.392 J 0.071 0.392

7 5/13/2011 10:35:00 -0.003 U 0.042 0.042 0.318 J 0.063 0.318

8 5/13/2011 10:40:00 -0.030 U 0.062 0.062 0.554 J 0.051 0.554

9 5/13/2011 10:45:00 0.026 U 0.046 0.046 0.473 J 0.082 0.473

10 5/13/2011 10:50:00 0.005 U 0.022 0.022 0.406 J 0.051 0.406

11 5/13/2011 10:55:00 -0.005 U 0.037 0.037 0.409 J 0.046 0.409

12 5/13/2011 11:00:00 0.005 U 0.033 0.033 0.461 J 0.049 0.461

13 5/13/2011 11:05:00 -0.001 U 0.042 0.042 0.279 J 0.082 0.279

14 5/13/2011 11:10:00 0.034 U 0.040 0.040 0.332 J 0.064 0.332

15 5/13/2011 11:15:00 0.003 U 0.062 0.062 0.290 J 0.066 0.290

16 5/13/2011 11:20:00 0.017 U 0.046 0.046 0.605 J 0.022 0.605

17 5/13/2011 11:25:00 -0.005 U 0.034 0.034 0.462 J 0.061 0.462

18 5/13/2011 11:30:00 0.011 U 0.035 0.035 0.347 J 0.079 0.347

19 5/13/2011 11:35:00 -0.004 U 0.035 0.035 0.453 J 0.037 0.453

20 5/13/2011 11:40:00 -0.003 U 0.047 0.047 0.486 J 0.072 0.486

mean 0.040 0.396

std dev 0.011 0.092

median 0.039 0.384

Class 1 Soil Measurements - Import Fill Material - Jericho

Results (pCi/g)Sample 

No. Date Time

 

Notes: 

Information concerning flags associated with the on-site laboratory data can be found in Section 4.3. 

Abbreviations and Acronyms: 
137Cs – cesium-137 
MDL – method detection limit 
pCi/g – picocuries per gram 
226Ra – radium-226  
std dev – standard deviation 
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TABLE 3-3 

 

Notes: 

Information concerning flags associated with the on-site laboratory data can be found in Section 4.3.  

Abbreviations and Acronyms: 
137Cs – cesium-137 
MDL – method detection limit 
pCi/g – picocuries per gram 
226Ra – radium-226  
90Sr – strontium-90 
std dev – standard deviation 
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4.0 LABORATORY ANALYSIS 

4.1 SAMPLE PREPARATION 

Samples for radiological analysis were collected in the field by trained and qualified radiological 
technicians.  When soil samples were collected in the field, they were first processed through a 
colander apparatus to eliminate foreign objects and large debris.  If the samples were acceptable 
for processing, an adequate amount of the sample was then placed into the geometry used by the 
on-site laboratory for analysis.   However, if, in the opinion of the field technician, the sample 
was saturated beyond 10 percent moisture content by weight (as may be indicated by a failure to 
pass material through the colander apparatus), then approximately four times the amount of 
sample needed for analysis was placed into a ZipLoc® bag for subsequent drying by laboratory 
personnel. 

The field technician who collected the sample turned the samples over to the on-site laboratory 
using the chain-of-custody (COC) procedure described in the SAP (TtEC 2011).  Each sample is 
verified to contain identical information on the sample container and the associated COC form 
when received at the laboratory.  

Once the samples were received by the on-site laboratory, each sample was verified to contain 
less than 10 percent moisture content by weight when massed.  Samples with moisture in excess 
of the 10 percent limit were dried in a laboratory oven.  Once the moisture content was 
determined to be less than 10 percent, the sample was passed through consecutively smaller 
sieves, ending at a number 40, to screen for any foreign materials that may have been present.  
An aliquot of the remaining materials was then placed and sealed in a 250-milliliter “tuna can” 
geometry necessary for analysis by the on-site screening laboratory team.  Time-critical 
remediation decisions were based on the conservative results from the on-site screening gamma 
spectroscopy results.  The on-site laboratory analyzed the samples directly for 226Ra using the 
EPA 901.1 MOD method and calculating the 226Ra activity from the 3.6 percent abundant 186.2 
kiloelectron-volt (keV) gamma spectrum line for 226Ra. 

The sealed sample containers were then subsequently transferred to a DoD ELAP accredited 
laboratory (TestAmerica St. Louis) using the COC procedure described in the SAP (TtEC 2011).  
TestAmerica subsequently quantified the 226Ra concentration using the EPA 901.1 MOD 
method.  The 226Ra results were calculated and reported from the 46.09 percent abundant 
609.31 keV gamma spectrum line of bismuth-214 (214Bi) after an in-growth period of greater than 
21 days to allow the 214Bi to approach secular equilibrium with 226Ra for all “definitive data.”  
The definitive data from TestAmerica are included in each SUPR. 
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4.2 GAMMA SPECTROSCOPY ANALYSIS  

Both the on-site screening laboratory and the off-site DoD ELAP accredited laboratory 
performed  gamma spectroscopy analysis using equipment from the same manufacturer. Starting 
in January 2011, all definitive data gamma spectroscopy analyses were performed by 
TestAmerica (formerly Severn-Trent Laboratories) in St. Louis, Missouri.  TestAmerica is a 
National Voluntary Laboratory Accreditation Program and Utah certified laboratory, as well as a 
DoD ELAP accredited laboratory. 

Gamma spectroscopy analysis was performed using EG&G ORTEC® detector systems equipped 
with beryllium end caps (windows), which allowed for enhanced quantification of low-energy 
gammas (such as 226Ra).  Hardware features included a high-purity germanium gamma photon 
detector supported by a multi-channel analyzer and analysis software.  Instrument hardware was 
calibrated using a multi-energy National Institute of Standards and Technology traceable source 
ranging from 50 keV to 2.6 megaelectron volts.  All results were reported in pCi/g.  The 
Laboratory Manager reviewed all data results, including energy spectrums, for quality assurance 
(QA) and to verify count integration, efficiency, and background corrections, as well as the 
identification of overlapping peaks.  If there was any question on the analysis results, the sample 
was counted for a longer interval. 

Additional reviews consisted of ensuring that 100 percent of the data complies with the method- 
and project-specific requirements as outlined in the SAP (TtEC 2011).  QA data reviews 
included checking for compliance with the required QC practices, SOPs, and method and project 
requirements. 

The RASO reviewed the data prior to concurring on release of material, backfilling of trenches, 
or disposal as low-level radioactive waste. 

4.3 GAMMA SPECTROSCOPY ANALYSIS FLAGS 

The gamma vision software produces a report once the analysis is complete.  Each report is 
typically eight pages long, with a summary provided on the last page.  The summary reports are 
then presented for each sample in the individual SUPR.  The summary reports also identify flags 
(or symbols) that may be associated with each radionuclide, if appropriate.  These flags and their 
associated meanings are presented below and do not specify that the data are not valid: 

• U – Result is less than the sample detection limit.  The activity calculation 
performed on the peaks for the isotope of concern yields a lower value than the 
calculation for the MDL.  This identifies that a calculation was performed and the 
peaks were found, but the resulting activity was lower than the MDL. 

• J – Result is greater than the sample detection limit, but less than the reporting 
limit.  The calculation performed on the peaks for the isotope of concern yields a 
higher value than the calculation for the MDL.  This identifies that a calculation was 



 

RMAC-0809-0004-0005 Fnl SUPRA SS&SD Removal doc 4-3 Final Survey Unit Project Reports Abstract for Sanitary Sewer 
  and Storm Drain Removal Conducted After Jan  2011 
  Hunters Point Naval Shipyard 
  DCN:  RMAC-0809-0004-0005 
  CTO No  0004 

performed and the peaks were found, but the resulting activity reported was lower 
than the required MDL specified in the SAP (TtEC 2011). 

4.4 TOTAL STRONTIUM/STRONTIUM-90 ANALYSIS 

The off-site DoD ELAP accredited laboratory (TestAmerica St. Louis) determines total 
strontium and 90Sr through separation and isotopic measurement. For soils, the strontium is 
transferred from the soil into a liquid matrix prior to precipitation as insoluble carbonate. 
Interferences from calcium and other radionuclides are removed by one or more precipitations of 
the strontium carrier as strontium nitrate. Samples with high dissolved solids can be precipitated 
as sulfates from an acid solution, eliminating most of the calcium interference. Diethylene 
triamine pentaacetic acid is added to the samples precipitated as sulfates to further remove 
interferences.  Barium and radium are removed as chromate. The yttrium-90 daughter of 90Sr is 
removed by a hydroxide precipitation step. The yttrium-90 daughter grows in again and is then 
separated with stable yttrium carrier as hydroxide and finally precipitated as oxalate and beta 
counted.  Total strontium and 90Sr are counted for beta particle activity by gas flow proportional 
counters. 

Note that in most cases, 90Sr was analyzed for total strontium, which includes 89Sr and 90Sr. If 
this total strontium result was less than the 90Sr release criterion, this result was conservatively 
reported at the 90Sr result.  However, if the total strontium result was larger than the 90Sr result, 
the sample was further analyzed using the 90Sr sample analysis procedure described above. 

The results of total strontium/
90

Sr analysis were reported in pCi/g and are included as an 
attachment to each SUPR.  Any sample exhibiting 137Cs activity greater than the release criteria 
was also analyzed for total strontium/90Sr.  

A minimum of 10 percent of samples were randomly chosen for 90Sr analysis at the DoD ELAP 
accredited laboratory.   

4.5 COUNTING UNCERTAINTY 

Measurement of radioactivity has some degree of inherent uncertainty.  The uncertainty quoted is 
the standard deviation of the average, obtained from the statistical uncertainties of the individual 
measurements.  This uncertainty results from the combination of all possible inaccuracies in the 
measurement process, including such factors as the reading of the result, peak integration 
interpretation, peak background determination, the calibration of the measurement device, 
numerical rounding errors, and the random nature of radioactivity.  Individual radioactivity 
measurements are accompanied by a plus or minus (±) value, which is an uncertainty term 
known as either the two-sigma counting error or the total propagated analytical uncertainty.  

Total propagated uncertainty includes both counting uncertainty and analytical uncertainty. 
Because measuring a radionuclide requires a process of counting random radioactive emissions 
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from a sample, the counting uncertainty gives information on what the measurement might be if 
the same sample were counted again under identical conditions.  The counting uncertainty 
implies that approximately 95 percent of the time, a recount of the same sample would give a 
value somewhere between the reported value minus the counting uncertainty and the reported 
value plus the counting uncertainty.   

The uncertainty in the background is not as simple because the background is a calculated 
number.  The background area uncertainty is the uncertainty in the channels used to calculate the 
end points of the background multiplied by the ratio of the number of channels in the peak to the 
number of channels used to calculate the background.  For wide peaks and low counts per 
channel, there is high uncertainty in the calculated background.  

4.6 DATA ASSESSMENT 

Laboratory data were assessed to determine whether the objectives of the survey process were 
met.  The assessment process consisted of four data phases:  verification, validation, evaluation, 
and quality assessment.  The assessment of HPNS laboratory data ensured the objective of the 
survey, final unrestricted release, was met. 

4.6.1 Data Verification 

Data verification ensured that the requirements were implemented as prescribed.  
Data verification activities included technical reviews of data and audits, as appropriate.   

4.6.2 Data Validation 

As stated in the SAP (TtEC 2011), there are no standards for data validation of radiological 
analyses. Therefore, guidance documents and modified functional guidelines were used in 
validation of radiological data. Data not meeting method and/or SAP specifications were flagged 
as estimated or rejected.  

Relative percent difference requirements for duplicate samples for the on-site and off-site DoD 
ELAP accredited laboratories are provided in Worksheet 28.1 of the SAP (TtEC 2011).     

4.6.3 Data Evaluation 

Radiochemical and laboratory data were evaluated prior to submittal to the RASO.  
The evaluation of data was based on method requirements and results of QC checks, the level of 
contamination of method blanks and method spikes (as appropriate), and the overall indication of 
interference due to contamination.  The data qualifiers, if used, were listed at the bottom of the 
data report.  
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4.6.4 Data Quality Assessment 

Data quality assessment (DQA) is a scientific and statistical evaluation that indicates whether the 
data are of the right type, quality, and quantity to support their intended use.  DQA provides the 
assessment needed to decide if the planning objectives were met.  All data presented in the 
SUPRs were subject to the DQA process, and the data were determined suitable for use. 
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5.0 STATISTICAL TESTS 

As stated in Section 8.2.2.1 of MARSSIM (DoD et al. 2000), there is no need to conduct 
statistical tests when all sample results are less than the release criteria.  Because all sample 
results for the final status survey results for the SUPRS indicated results less than the release 
criteria, no statistical tests were included in the SUPRs.  However, this section describes the 
process by which the sampling density was determined such that statistical testing, if necessary, 
would be sufficient.  

5.1 DECISION ERRORS 

There are two types of decision errors that were used when performing the statistical tests 
outlined in MARSSIM (DoD et al. 2000).  The first type of decision error, called a Type I error, 
occurs when the null hypothesis is rejected when it is actually true.  This type of error is 
sometimes called a “false positive.”  The probability of a Type I error is denoted by an α.  The 
Type I error is often referred to as the significance level or size of the test. 

The second type of decision error, called a Type II error, occurs when the null hypothesis is not 
rejected when it is actually false. This type of error is sometimes called a “false negative.”  The 
probability of a Type II error is denoted by a β.  The power of a statistical test is defined as the 
probability of rejecting the null hypothesis when it is actually false.  It is numerically equal to 1- β, 
where β is the Type II error rate. 

Each survey was designed to limit Type I and Type II errors to a maximum probability of 
5 percent.  It was important to minimize the chances of concluding that a survey unit met the 
release criteria (reject the null hypothesis) when it actually exceeded the limits (Type I error), 
and concluding that a survey unit exceeded the release criteria (accept the null hypothesis) when 
it actually met the limits (Type II error). 

5.2 WILCOXON RANK-SUM TEST 

The Wilcoxon Rank-Sum (WRS) test is designed to test a hypothesis about the location of a 
population distribution.  It is most often used to test the hypothesis about a population median 
and often involves the use of matched pairs.  For example, reference area and survey unit data 
were tested for a median difference of zero.  This test is also a nonparametric test that may be 
used when it is only necessary, or possible, to know if observed differences between two 
conditions were significant.  The WRS test is structured to denote a change in magnitude, as 
opposed to any attempt at the quantitative measurement.  Per Section 2.5.1.2 of MARSSIM 
(DoD et al. 2000), the WRS test is the recommended statistical test for comparison of survey unit 
radionuclide concentrations with background.  Although the WRS test was not conducted for the 
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SUPRs because the results for all survey units were less than the release criteria, the number of 
sampling points was calculated to ensure that sufficient sample results from the survey unit areas 
were available for statistical comparison had all FSS results not all been lower than each release 
criterion. 

5.2.1 Determining the Numbers of Data Points for the WRS Test 

Since the ROCs were present in background, N is calculated in the manner specified for the 
WRS test using Equation 5-1: 

Equation 5-1 
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Where: 

Z1-α  = 1.645 Type I decision error level 
Z1-β  = 1.645 Type II decision error level 
Pr = 0.997658 random measurement probability  

(from Table 5.1 in MARSSIM [NUREG-1575; DoD et al. 2000]) 
(1.2) = 20% increase in number of samples over the minimum 

The variable used to calculate N not already specified in the Work Plan (TtEC 2010) was the 
random measurement probability Pr.  Pr in Equation 5-1 above is based on the relative shift.  The 
relative shift is equal to ∆/σ, where ∆ was equal to the release criterion minus the lower 
boundary of the gray region (LBGR), and σ was an estimate of the standard deviation of the 
measured values in a survey unit.  The LBGR was the net median concentration of the 
contaminant in the survey unit.  When this value was unknown, half the value of the release 
criterion was used as the LBGR, as suggested in MARSSIM (DoD et al. 2000).  Likewise, σ was 
assigned the value of the standard deviation of the measurement values in the reference area.  

Using Equation 5-2 below, the value for Δ was derived by converting the release criterion from 
pCi/g to counts per second (cps). To perform this conversion, an arbitrary concentration of 226Ra 
is divided by the associated exposure rate produced by this concentration of 226Ra.  The resulting 
number was then divided by the average net cps per microroentgen per hour (µR/h) for the 
detectors on the towed array. Once this number was derived, the release criterion of 1.0 pCi/g for 
226Ra was divided by this number. 
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Equation 5-2 

CRERAC
RCcpminRC

/1*/
=  

Where: 

RC = release criterion (pCi/g) 
AC = arbitrary concentration of 226Ra (pCi/g) 
ER = exposure rate for 1 pCi/g 226Ra calculated by Microshield® 
CR = counts per second per µR/h for the detector 

Where: 

RC = 1.0 
AC = 1 
ER = 0.7384 
CR = 436 

The values used for these parameters to determine a Pr were 322 cps for the release criterion.  
Taking half of this value, 161 cps for Δ, and using 30 cps for σ, N was calculated as nine samples 
when using Equation 5-1.   

5.2.2 Determining Data Points for Small Areas of Elevated Activity 

The statistical test described above evaluated whether or not the residual radioactivity in the 
survey unit exceeded the release criterion for contamination conditions that were approximately 
uniform across the survey unit.  To obtain reasonable assurance that any small areas of elevated 
residual radioactivity were not missed during the survey, the total number of samples was 
increased.  Equation 5-3 was used to determine the number of samples.  The required number of 
samples, nEA, was developed for an area of elevated activity based on a survey unit size of 1,000 
square meters and a triangular grid with spacing, L, of 8 meters.  Substituting these values into 
the following equation, nEA was calculated to be 18. 

Equation 5-3 

EAn
AL

866.0
=  

Where: 

L = length of spacing (meters) 
0.866 = factor presented in MARSSIM 
A = surface area of the survey unit (1,000 square meters) 
nEA = number of samples 
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6.0 DOSE MODELING 

The intent of a SUPR is to achieve unrestricted release for the associated survey unit.  In doing 
so, the most conservative approach was used to model the area using the most current version of 
RESRAD.  The default residential farmer scenario was used with only two minor changes.  The 
first is that the actual surface area of the trench unit was used (in square meters).  The second is 
that modeling was performed using the mean concentrations of 137Cs, 226Ra (with the lead-210 
daughter), and 90Sr using the actual activity and replacing it with the MDL value if the reported 
activity was less than the MDL.  The activity used to model for 226Ra was based on the isotopic 
net concentration (survey unit mean isotopic concentration minus background mean isotopic 
concentration).  No background is subtracted from the 137Cs or 90Sr values, as these radionuclides 
are not naturally occurring or expected at drain piping depths from global fallout from nuclear 
weapons testing. 

The default parameters included external and inhalation exposures and exposure from the 
following ingestion pathways: drinking water, food grown with contaminated irrigation water, 
food grown on contaminated soil, fish, and inadvertent ingestion of soil.  Land-based foods 
considered were leafy vegetables, root vegetables, fruit, grain, beef, poultry, milk, and eggs.  
Animal feeds included fresh forage, as well as stored grain and hay.  This was the most 
conservative scenario as it assumed that persons living on the site can use the land for any 
purpose without land use restrictions. 

If none of the concentrations for the ROCs for the specific survey unit were greater than zero, the 
net dose and increased health risk for the survey unit were expected to be negligible, and no 
further modeling was determined to be reasonable or prudent.   

The final dose and health risk modeling summary, if needed, will be included in each SUPR.  
Demonstration of both a net residual dose of less than 15 millirems per year and a net increased 
health risk of less than 3 × 10-4 to the average member of the critical group (or member of the 
public) will be considered sufficient for unrestricted release of the survey unit. 
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7.0 RECOMMENDATION OF FINAL UNRESTRICTED RELEASE 

A SUPR will be prepared for each survey unit with recommendations for free release.  Each 
SUPR will provide general background information about the trench unit and associated ESU(s) 
that are part of the survey unit package.  Any exceptions to the ROCs will be addressed in each 
SUPR.   

A discussion of the FSS will include the activities performed for the trench unit and each ESU or 
import fill that was used for backfill.  The discussion will include results of the soil samples.  
Gamma scan data will be provided as attachments in each SUPR. 

The version of RESRAD used and the results of the dose and risk modeling will be provided as 
an attachment and discussed in each SUPR. 
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ATTACHMENT 1 

IMPORT FILL MATERIAL 
SAMPLE RESULTS 
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ATTACHMENT 2 

REFERENCE AREA 
SAMPLE RESULTS 
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